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(54) PRODUCTION OF SIUCON BASED UGHT EMITTING MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control the distribution of silicon nanocrystal particle size in gas 
phase by irradiating a silicon oxide containing silicon nanocrystal with a laser light of specified 
wavelength in an atmosphere containing oxygen and oxidizing the surface of silicon nanocrystal of 
such size as absorbing the laser light thereby controlling the particle size thereof. 
SOLUTION: Silicon nanocrystal having interband pumping energy lower than the energy hv of laser 
light is oxidized to reduce the particle size thereof substantially. When the particle size decreases 
furthermore, the interband pumping energy of silicon nanocrystal increases ^adually and at a 
moment of time when rt exceeds the hv, the laser light is not absorbed nor the oxidation proceed. 
When a laser light having wavelength of SOOnm or less is used, particle size of the silicon 
nanocrystal can be an^nged at 5nm or less. 




* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1]A manufacturing method of a silicon system luminescent material irradiating silicon oxide containing a silicon nano crystal with a laser beam c 
a prescribed wavelength with a wavelength of 500 nm or less in an oxygen containing atmosphere, oxidizing the surface of a silicon nano crystal of a 
size which absorbs a laser beam, and controlling the particle diameter. 

[Translation done.] 
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3,In the drawings, any words are not translated. 
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[Detailed Description of the Invention] 
tOOOl] 

[Industrial Application]This invention relates to the manufacturing method of the silicon system luminescent material used for light emitting devices, 
such as a light emitting diode and a semiconductor laser. 
10002] 

[Description of the Prior Art] Now. most materials of semiconductor very large scale integration are occupied with silicon. This is because rt is a 
dramatically outstanding material which has an advantage of it being able to be easy to obtain silicon, and it being cheap, and a big single crystal being 
manufactured, and being able to manufacture an integrated circuit by the high yield. However, it is difficult for luminescence to be hard to be observed 
since the electronic band structure is a transited [ indirectly ] type, and to use a silicon single crystal as a light emitting device. 

[0003]For this reason, conventionally, the compound semiconductor material of Ui-V fellows systems, such as GaAs or ZnSe, or an II-VI group system 
is used as a material of a semiconductor laser (it is hereafter described as LD). or a light emitting diode (it is hereafter described as l^D). However, 
many difficulties follow on manufacture of the element using a compound semiconductor. In order to expand the use of an element, LD and LED which 
can emit lights of short wavelength, such as blue, purple, and ultraviolet radiation, are desired. 

[0004]Under such a situation, research and development of luminescence silicon including porous silicon prosper these days. As a silicon system 
material in which luminescence is observed by the present, porous silicon, polysilane, silicon nano crystal, SHIROKISEN, and Si^-j^germaniumx / Si 
superlattice is known. That is, luminescence will come to be observed, if size of a silicon crystal is made small and the dimension of atomic arrangemer 
is lowered. For example, based on the band structure and the surface level effect which differ in the silicon crystallites (silicon nano crystal) which hav 
the particle diameter of nm order from a silicon single crystal, luminescence is observed on the wavelength from 370 nm to 900 nm. There is also an 
opinion of originating in the silicon nano crystal actually, also about luminescence observed with porous silicon. ' ' 

[0005]. There are some reports about the abo.ve-mentioned silicon nano crystal, for example, HIrotsugu Takagi, Masanori Mitome, Kyoji Yano, Takeshi 
Nakagiri. solid physics. Vol.27, and No. — in 11 or 1992. p. 874 - 879;Y.Kanemltsu, T.Ogawa, KShiraishi. KTakeda. J.Lumin.60-61, 337-339 (1994). In the 
former, the method of manufacturing a silicon nano crystal with plasma CVD method is indicated.lslamely. after installing a substrate in a CVD chamber 
and carrying out vacuum suction to it to lO^^Pa, A silicon nano crystal is made to generate by supplying monosilane gas with carrier gas (H2, AKs), or 
these mixed gas), and decomposing with microwave (2.45 GHz) plasma. In this case, the silicon nano crystal in gas is carried on a substrate by carrier 
gas, and is deposited, and a silicon nano crystal is obtained with the gestalt which the silicon nano crystal distributed in the amorphous silicon layer. 
[0006]On the other hand, if a mono silane and Si(OC2H5) 4 (it is hereafter described as TEOS) are supplied alternation or simultaneous, a silicon nano 
crystal can also be distributed in Si02 here, h is distributing at' Iritervais of about 2-5 nm in silicon oxide, and the silicon riano crystal obtained by such 
a method is provided with conditions suitable for a luminescent material. 

[0007]However, there is dispersion In the particle diameter of the silicon nano crystal in the silicon oxide obtained in this way. It is known that what ha 
large particle diameter shows the distribution included mostly (Y. Kanemitsu, T.Ogawa. KShiraishi. andKTakeda. Phys.Rev.B48-4883 (1 993)). Since the 
conducting-zone level of a silicon nano crystal with such large particle diameter is low. if a carrier is poured in. a carrier will be accumulated in the lev( 
and it will become difficult to contribute to luminescence. When forming LD, in luminous efficiency, the direction on which the density of states of the 
electron of an excitation state is centralized goes up. Therefore, it is desirable to realize particle size distribution with few silicon nano crystals with 
large particle diameter in the application to a light emitting device so that these things may show easily. However, the method of controlling the partich 
size distribution of a silicon nano crystal was not known conventionally. 
[0008] 

[Problem(s) to be Solved by the Invention]Although the silicon system luminescent material which includes a silicon nano crystal as mentioned above i: 
promising as a component of a light emitting device, the particle size distribution is conventionally uncontrollable, and good luminescence is not 
obtained when the silicon nano crystal with large particle diameter is Included. If the manufacturing process of a light emitting device is taken into 
consideration, it is desirable to realize control of such particle size distribution in the gaseous phase. 

[0009]In the gaseous phase, the purpose of this invention can control the particle size distribution of a silicon nano crystal, and there is in providing th- 

method that a silicon system luminescent material suitable as a material of a light emitting device can be manufactured. 

[0010] 

[Means for Solving the Problem]A manufacturing method of a silicon system luminescent material of this invention to silicon oxide containing a silicon 
nano crystal. It irradiates with a laser beam of a prescribed wavelength with a wavelength of 500 nm or less in an oxygen containing atmosphere, the 
surface of a silicon nano crystal of a size which absorbs a laser beam is oxidized, and the particle diameter is controlled. 

[0011 ]In this invention, an inert gas atmosphere of nitrogen, helium, argon, etc. which should just contain oxygen not less than 3%, and contatri oxygen, 

an air atmosphere, or 100% oxygen environment may be sufficient as an oxygen containing atmosphere. 

[0012] 

[Embodiment of the Invention] Hereafter, the principle of this invention is explained. If the fusion state of silicon oxide and silicon is first formed by CVC 
or weld slag on substrates, such as a silicon wafer, and it anneals in a vacuum or inactive gas. a silicor? atom condenses and a silicon nano crystal 
deposits. As the silicon nano crystal which absorbs the laser beam of the wavelength (nu) to be used, if laser annealing is performed in this state, when 
the electron of the outermost shell of silicon is excited and this is eased, it will become hot by an interaction with a phonon, and melting of silicon or 
activation will arise. If this phenomenon is illustrated based on band structure, it will become like drawing 1 (a). On the other hand, the state of silicon 
does not change as the silicon nano crystal which does not absorb the laser beam. 

[0013]In this invention, laser annealing is performed in an oxygen containing atmosphere. In this case, while fusing or activating the silicon nano crystal 
which absorbs that laser beam, the surface oxidizes, and substantial particle diameter becomes small. The thing of the wavelength nu which has energy 
hnu equivalent to the interband excitation energy of the silicon nano crystal which has the particle diameter made into the target of control is used as 
laser beam (however, interband excitation energy means the minimum transition energy in the state where quantity of motion does' not change, and). 
Since silicon is a transited [ indirectly ] type, it differs froni a band gap somewhat. Therefore, in this Invention, the thing which has ihtei-band excitation 
energy smaller than energy hnu of a laser beam and have comparatively large particle diameter, i.e., what, oxidizes among silicon nano crystals, and 
substantial particle diameter becomes small. When the interband excitation energy of a silicon nano crystal becomes large gradually and this becomes 
larger than hnu as particle diameter becomes small, a laser beam will not be absorbed and oxidation will not advance, either If this phenomenon is 
Illustrated based on band structure, it will become like drawing 1 (b). Thus, the particle diameter of a silicon nano crystal is controllable to below target 
particle diameter. By this invention, the particle diameter of a silicon nano crystal can be arranged with 5 nm or less, and conditions suitable as a 
luminescent material can be fulfilled by using a thing with a wavelength of 500 nm or less as a laser beam. 

[0014]In order to anneal the mixture of the silicon oxide and the silicon atom which were manufactured by plasma CVD etc. in this invention and to 
form a silicon nano crystal. What is necessary is to provide the transparent window which consists of glass etc. which penetrate the laser beam of the 
wavelength used for a vacuum chamber not less than 30%, to install laser in that outside and just to make annealing etc. it by this laser beam. It is 
desirable to use silica glass especially as a material of a window transparent when light with a wavelength of not less than 200 nm is not less than 80%. 
If only it is the environment which gas more nearly unnecessary than the exterior does not mix, it does not need to be sealed, for example, what is 
necessary is just to combine a glass sample chamber and laser, in order to control the particle diameter of a silicon nano crystal and to carry out laser 
annealing in an oxygen containing atmosphere. 

[0015]In this invention, it is preferred to acUust conditions, such as plasma CVD, so that it may become the distance which can pour In current 
according [ the interval of the silicon nano crystals currently distributed in silicon oxide ] to the tunneling of an electron and a hole. If polysilane is 
arranged between silicon nano crystals, it becomes easy to flow through current and a luminous wavelength can also be changed. In order to distribute 
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a silicon nano crystal and polysilane in silicon oxide, What is necessary is Just to supply Silang, a dtsilane, trishiran, tetrasilanes, or these mixed gas by 
turns simultaneous in the process in which supply TEOS in plasma CVD and SiO^ (0< X<2) is formed. 

[001-6]lf the silicon system luminescent material manufactured by the method of this invention is used, a silicon system light emitting device can be 
manufactured with the application of a semiconductor manufacturing process. If such a silicon system light emitting device is combined with LSI 
circuits, such as a transistor, optical-electronic integrated circuit of low cost is realizable. The multicolor silicon luminescence integrated circuit display 
usin£ such a silicon system luminescent material is promising as an alternate product of the liquid crystal panel currently used for the present display 
panel. That is, since the present liquid crystal panel arranges two polarizing plates in front of a lamp, one half of lights are not used at least, but on a 
multicolor silicon luminescence integrated circuit display, there is no such problem and it also becomes possible to be able to reduce power 
consumption and to improve the luminosity of a screen. 
[0017] 

[£xample]Hereafter the example of this invention is described. 

Vacuum suction of the silicon wafer was installed and carried out Into the reactor of example 1LPCVD. The temperature of the silicon wafer was set a 
700 **, TEOS (tetraethoxysilane), Silang, and tetrachlorosilicane were supplied with carrier gas, and the mixture of Si02 and a silicon atom was 
deposited on the silicon substrate at 500-nm thickness. Next, this silicon wafer was conveyed in the vacuum chamber, and THG (wavelength of 355 nnr 
of a 10-Hz pulse Q switch YAG laser was irradiated with and annealed on the film on a silicon wafer in the room temperature. At this time, energy per 
one pulse was made into 3 J/cm^. and 10 pulse irradiation was carried out. When this was observed with the transmission electron microscope, it was 
checked that a silicon nano crystal with a particle diameter of 2-7 nm exists. The particle size distribution of the silicon nano crystal at this time is 
shown in drawing 2 ( a). The distance between silicon nano crystals, i.e.. the thickness of the silicon oxide between silicon nano crystals, was an average 
of about 1 nm. 

[0018]Subsequently, in order to oxidize the surface of a silicon nano crystal with large particle diameter and to make the particle diameter small, Under 
the oxygen containing atmosphere of 02:helium=1:1, the film on a silicon wafer was irradiated with the second harmonic (wavelength of 380 nm) of Q 

switch Ti:sapphire laser on 1 kHz of repetitions, peak power density/cm[ of 300 kW ] 2, and the conditions of 300 ns of pulse width. This is observed 
with a transmission electron microscope and the result of having investigated the particle size distribution of the silicon nano crystal is shown in 
drawing 2 (b). 

[0019]The rate that a thing with a particle diameter of not less than 4 nm occupies among the whole silicon nano crystal decreased to 10% or less afte 
oxidation treatment to having been about 50% before oxidation treatment so that clearly from comparison of drawing 2 ( a) and (b). 
[0020]When the obtained silicon system luminescent material was irradiated with the third harmonic wave (wavelength of 300 nm) of Q switch 
Tirsapphire laser on 1 kHz of repetition, and peak power density GOW/cm^, and the conditions of 300 ns of pulse width, luminescence with a wavelength 
of 390 nm was checked. 

[0021]The example which produces the integrated circuit of the light emitting device and MOS transistor which have the structure shown in example 2 
drawing 3 is explained. This element has the structure which connected the diffusion zone of the MOS transistor which serves as an electrode, 
respectively to the both ends of the silicon oxide which distributed the silicon nano crystal which is a luminescent material. 

[0022]First the field used as the light-emitting part of the p type silicon substrate 1 is etched selectively, and a trench is formed. Al layer 2 which 
functions on the pars basilaris ossis occipitalis of this trench as a mirror is formed by sputtering. The oxide film 3 is deposited on this Al layer 2. 
[0023]Next, like Example 1, after carrying out vacuum suction of the inside of the reactor of LPCVD, set the temperature of the silicon substrate 1 as 
700 and TEOS, Silang, and tetrachlorosilicane are supplied with carrier gas. The mixture of Si02 and a silicon atom is deposited on the oxide film 3 
at 500-nm thickness. This silicon substrate 1 Is conveyed in a vacuum chamber, and THG (wavelength of 355 nm) of a 10-Hz pulse Q switch YAG lase 
is irradiated with and annealed on the film on the oxide film 3 in a room temperature. Under the oxygen containing atmosphere of 02:Ar=1:1, the film on 
the oxide film 3 is irradiated with the second harmonic (wavelength of 380 nm) of Q switch Tiisapphire laser, and the surface of a silicon nano crystal 
with large particle diameter is oxidized. Thus, the luminous layer 4 containing the silicon nano crystal to which particle diameter was equal is formed. 
[0024]Subsequently, the field in which one electrode is formed is etched selectively, a trench is formed, and the oxide film 3 is deposited on the pars 
basilaris ossis occipitalis. It anneals and single-crystal-izes, after depositing polysilicon in a trench. The ion implantation of the arsenic is carried out tc 
this polysilicon, it is annealed to it, single crystal-ization is advanced further, and the n"*" type diffusion layer 5 is formed. Similarly the field In which the 
electrode of another side is formed is etched selectively, a trench is formed, and the oxide film 3 is deposited on the pars basilaris ossis occipitalis. It 
anneals and single-crystahizes, after depositing polysilicon in a trench. The ion implantation of the boron is carried out to this polysilicon, rt is annealet 
to it, single crystaHzation is advanced further, and the p"*" type diffusion layer 6 is formed. These two electrodes are formed in non parallel so that a 
resonator may not be formed. 

[0025]The n type well region 7, the n"*" type diffusion layer 8, the p*^ type diffusion layer 9, the gate dielectric film 10, and the gate electrodes 1 1 and 12 
are formed one by one, and an element is produced. In this element, if two MOS transistors are made one and the voltage of for example, ~12V is 
impressed to the n"^ type diffusion layer 5 at +12V and the p"*" type diffusion layer 6, respectively, 390-nm luminescence will arise from the luminous 
layer 4. 
[0026] 

[Effect of the Invention]If the method of this invention is used as explained above, in the gaseous phase, the particle size distribution of a silicon nano 
crystal can be controlled, and a silicon system luminescent material suitable as a material of a light emitting device can be manufactured. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1l As for (a), (b) is a figure showing the band structure of a silicon nano crystal, and a figure showing change of the band structure of the 
silicon nano crystal by oxidation. 

[Drawing 21 (a) is a particlo-size-distribution figure of the silicon nano crystal before oxidation, and (b) is a particle-size-distribution figure of the silicor 
nano crystal after oxidation. 

fDrawinc 3lThe sectional view showing the integrated circuit of the light emitting device and MOS transistor in Examole 2 of this invention. 
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[Description of Notations] 

1 [ — A luminous layer, 5 / — An n+ type diffusion layer, 6 / — A p"^ type diffusion layer, 7 / — A n type well region, 8 / — An n* type diffusion layer 
9 — A p^ type diffusion layer, 10 / — Gate dielectric film. 11, 12 / — Gate electrode. ] — A p type silicon substrate, 2 — An Al layer, 3 — An oxide 
film. 4 
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[Drawing 2] 
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[Drawing 3] 
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